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1. Introduction
  Chromolaena odorata (L.) (C. odorata) King and Robinson, 
formerly named Eupatorium odoratum (Asteraceae) 
has been used in Vietnamese traditional medicine as 
hemostatic, anti-inflammation drugs and for treatment of 
intestine diseases and burn wounds[1]. Previous studies 
showed that this plant contains essential oil, alkaloids and 
flavonoids[2-4], together with interesting biological activities 
including antibacteria, anti-inflammation and antioxidant, 
cytotoxicity[5-9]. In Vietnam, the National Institute of 
Burns have approved an ointment (commercial name as 
Eupolin) from the the aqueous extract of C. odorata for 
burns treatment[10]. Nitric oxide (NO) has been known to 
involve in the regulation of various physiological processes 
in mammals and the overproduction of NO is responsible 
for the pathological development of inflammation, 
cancer, and diabetes[11]. The production of NO is primary 
regulated by the nuclear transcription factor-毷B (NF-
毷B), a member of the Rel domain-containing proteins 
relating to multiple pathophysiological conditions such as 
cancer, arthritis, asthma, inflammatory bowel disease and 
other inflammation[12]. In our continuing search for anti-
inflammatory agents of natural origin, we found that the 
methanol extract of the C. odorata showed strong inhibitory 
effect on the production of NO and NF-毷B activation 
in LPS-induced RAW264.7 cells. The phytochemical 
investigation of the methanol extract of the C. odorata led to 
the isolation of six fatty acid derivatives (S)-coriolic acid (1), 
(S)-coriolic acid methyl ester (2), (S)-15,16-didehydrocoriolic 
acid (3),  (S)-15,16-didehydrocoriolic acid methyl ester (4), 
linoleamide (5) and linolenamide (6) (Figure 1). The present 
paper describes the isolation and the inhibitory effects of 
the isolated compounds on the NO production and NF-毷B 
activation.
  
2. Materials and methods
2.1. General experimental procedures 
  Optical rotation was measured on a JASCO P-2000 
polarimeter. 1H- and 13C-NMR were performed on a Bruker 
AM500 FT-NMR Spectrometer using TMS as internal 
standard. ESI-MS spectra were recorded on an Agilent 1200 
Series LC-MSD Ion Trap.
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2.2. Plant materials
  Aerial parts of C. odorata were collected in Thach Thanh, 
Thanh Hoa, Vietnam in January 2010 and were identified 
by Dr. Tran Huy Thai, Institute of Ecology and Biological 
Resources, VAST, Hanoi, Vietnam. A voucher specimen (No. 
20100120) was deposited in the herbarium of the Department 
of Bioactive Products, Institute of Marine Biochemistry, 
VAST, Vietnam.
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Figure 1. Structure of compounds 1-6 isolated from C. odorata.
2.3. Extraction and isolation
  The air-dried and powdered aerial parts of C. odorata (5 kg) 
were extracted with methanol [(3伊10) L]. The MeOH extract 
was concentrated and the residue (180 g) was partitioned 
in chloroform/water. The chloroform soluble extract was 
concentrated in vaccuo to give a brown solid (110 g), 
which was then chromatographed on silica gel column 
using a chloroform-methanol gradient as mobile phase to 
afford eight fractions A1-A8. Of these, A4 was subjected 
on silica gel column with n-hexane-acetone (5:1 v/v) as 
eluant to afford 2 (14 mg) and 4 (4.5 mg) together with four 
fractions B1-B4. From B4, 5 (6.2 mg) and 6 (11.5 mg) were 
eluted through a silica gel column by n-hexane-acetone 
(4:1). Fraction A5 was chromatographed on silica gel with 
n-hexane- acetone (3:1 v/v) affording 5 subfractions C1-C5. 
The C3 and C4 were purified on reverse phase RP-18 column 
using methanol-water (5：1) as eluant to give 1 (22 mg) and 3 (15 
mg).
  (S)-Coriolic acid (1): yellow oil. [毩]D 
20: +3.8 (c 0.1, CHCl3). 
ESI-MS m/z 295.6 [M- H]-. 1H- and 13C-NMR, see Table 1 and 
2.
  (S)-Coriolic acid methyl ester (2): yellow oil. [毩]D 
20: +12.5 
(c 0.1, CHCl3).  ESI-MS m/z 331.5 [M+Na]
+. 1H- and 13C-NMR, 
see Table 1 and 2.
  (S)-15,16-didehydrocoriolic acid (3): yellow oil. [毩]D 
20: 
+29.4 (c 0.1 CHCl3). ESI-MS m/z 293.5 [M-H]
-. 1H- and 13C-
NMR, see Table 1 and 2.
  (S)-15,16-didehydrocoriolic acid methyl ester (4) yellow 
oil. [毩]D 
20: +32.1 (c 0.1 CHCl3). ESI-MS m/z 333.5 [M+Na]
+. 1H- 
and 13C-NMR, see Table 1 and 2.
  Linoleamide (5): yellow oil. ESI-MS m/z 278.5 [M -H]-. 1H- 
and 13C-NMR, see Table 1 and 2.
  Linolenamide (6): yellow oil. ESI-MS m/z 276.5 [M- H]-. 1H- 
and 13C-NMR, see Table 1 and 2.
2.4. Measurement of NO production
  Murine macrophage RAW264.7 cells were seeded in 96-
well plate at 2伊105 cells/well and incubated for 3 h. The 
plate was pretreated with various concentrations of MB for 
30 min and then incubated for another 24 h with or without 
1 毺g/mL LPS. As a parameter of NO synthesis, nitrite 
concentration in the culture supernatant was measured by 
the Griess method[13]. 100 毺L of the culture supernatant 
were transferred to other 96-well plate and 100 毺L of Griess 
reagent were added. The absorbance of the reaction solution 
was read at 570 nm with a microplate reader (Molecular 
Devices Co., Menlo Park, CA). The remaining cell solutions 
in cultured 96-well plate were used to evaluate cell viability 
by 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT) assay.
Table 1
1H NMR (500 MHz, CDCl3) data of compound 1-6.
No 1 2 3 4 5 6
1 - - - - - -
2 2.34 (2H, t, 7.6) 2.30 (2H, t, 7.6) 2.36 (2H, t, 7.6) 2.36 (2H, t, 7.6) 2.22 (2H, t, 10.0) 2.18(2H, t, 9.6)
3 1.63 (2H, m) 1.63 (2H, m) 1.63 (2H, m) 1.62 (2H, m) 1.55 (2H, m) 1.58 (2H, m)
4-7 1.26-1.37 (m) 1.26-1.37 (m) 1.26-1.47 (m) 1.26-1.47 (m) 1.20-1.40 (m) 1.24-1.40 (m)
8 2.17 (2H, m) 2.18 (2H, m) 2.18 (2H, m) 2.18 (2H, m) 2.07 (2H, m) 2.07 (2H, m)
9 5.44 (1H, m) 5.43 (1H, m) 5.44 (1H, m) 5.44 (1H, m) 5.36 (m) 5.32 (m)
10 5.97 (1H, t, 10.7 ) 5.97 (1H, t, 11.2 ) 5.98 (1H, t, 10.7) 5.98 (1H, t, 11.2) 5.36 (m) 5.32 (m)
11 6.49 (1H, dd, 10.7, 15.4) 6.48 (1H, dd, 11.2, 15.2) 6.52 (1H, dd, 10.7, 15.4) 6.52 (1H, dd, 10.8, 15.2) 2.76 (2H, t, 7.6) 2.79 (2H, t, 7.6)
12 5.66 (1H, dd, 15.4, 6.5) 5.66 (1H, dd, 15.2, 6.8) 5.69 (1H, dd, 15.4, 6.5) 5.68 (1H, dd, 15.2, 6.8) 5.36 (m) 5.32 (m)
13 4.18 (1H, dd, 6.4, 13.2) 4.16 (1H, dd, 6.4, 13.2) 4.23 (1H, dd, 12.8, 6.8) 4.22 (1H, dd, 12.8, 6.4) 5.36 (m) 5.32 (m)
14 1.53 (2H, m) 1.52 (2H, m) 2.33 (2H, m) 2.33 (2H, m) 1.55 (2H, m) 2.79 (2H, t, 7.6)
15 1.26-1.37 (m) 1.26-1.37 (m) 5.36 (1H, dd, 15.5, 7.6) 5.36 (1H, dd, 15.5, 7.6) 1.20-1.40 (m) 5.32 (m)
16 1.26-1.37 (m) 1.26-1.37 (m) 5.57 (1H, m) 5.57 (1H, m) 1.20-1.40 (m) 5.32 (m)
17 1.26-1.37 (m) 1.26-1.37 (m) 2.07 (2H, m) 2.07 (2H, m) 1.20-1.40 (m) 2.10 (2H, m)
18 0.89 (3H, t, 7.5) 0.88 (3H, t, 7.5) 0.97 (3H, t, 7.5) 0.97 (3H, t, 7.5) 0.88 (3H, t, 8.8) 0.96 (3H, t, 9.6)
OMe - 3.66 (3H, br s) - 3.66 (3H, br s) - -
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2.5. NF-毷B reporter assay
  RAW264.7 cells were transiently transfected with a plasmid 
containing eight copies of 毷B elements linked to the 
secreted alkaline phosphatase (SEAP) gene, then the SEAP 
assay was performed as previously described[14]. Briefly, 
transfected cells were seeded in a 96-well plate at a density 
of 5 伊 104 cells/well. After 3 h incubation at 37 ℃, cells 
were treated with samples and stimulated with 1 毺g/mL 
LPS for 24 h. 100 毺L of each culture supernatants were 
transferred to 96-well plate and heated at 65 ℃ for 10 min. 
followed by adding 100 毺L of 2伊 SEAP buffer to each well 
and incubated for another 10 min. The reaction was initiated 
by adding 20 毺L of 31.6 mg/mL p-nitrophenyl phosphate 
dissolved in 1伊 SEAP buffer and incubated at 37  ℃ for 4 h. 
The optical density values of solutions were measured at 405 
nm with a microplate reader. Resveratrol, a potent inhibitor 
of NF-毷B and NO production was used as positive control. 
3. Results 
  A bioassay-guided fractionation of the methanol extract of 
the C. odorata led to the isolation of six fatty acids including 
(S)-coriolic acid (1), (S)-coriolic acid methyl ester (2), (S)-
15,16-didehydrocoriolic acid (3),  (S)-15,16-didehydrocoriolic 
acid methyl ester (4), linoleamide (5) and linolenamide 
(6). Their structures were determined by the MS and NMR 
spectroscopic evidences and in comparison with the 
reported data[15-18]. 
  The inhibitory effects of compounds 1-6 on the NO 
production from LPS-stimulated RAW264 cells were 
evaluated by Griess method as described above. The cells 
were treated compounds and stimulated with 1 毺g/mL 
LPS for 24 h and the NO levels in the culture media were 
measured as nitrite concentration. The result showed that 
compounds inhibited NO production with the IC50 values 
in the range of 5.73-47.6 毺M (Table 3). The MTT assay 
showed that all compounds had no significant toxicity at 
their effective doses for the NO inhibition. Since NF-毷
B is considered as one of the major factors that regulate 
the production of NO. Therefore we examined whether 
the isolated compounds has inhibitory effect on NF-毷B 
activation. The NF-毷B-dependent reporter gene assay 
showed that compounds 1-6 inhibited NF-毷B activity at 
concentrations comparable to the NO inhibition with IC50 
values from 5.22 to 41.2 毺M. In both assays, compound 2 
exhibited the strongest activities. Interestingly, the addition 
of a double bond in the fatty chain decreased the inhibitory 
effects (in case of compounds 1-3, 2-4 and 5-6) while the 
methyl esterification increased the activities (in case of 
compounds 1-2 and 3-4). 
Table 2
13C NMR (125 MHz, CDCl3) data of compound 1-6.
No 1 2 3 4 5 6
1 179.0 174.5 179.1 174.5 174.9 174.9
2   34.2   34.2   33.7   34.2   34.0   34.1
3   24.5   25.0   24.5   25.0   24.8   24.4
4-6   28.8   29.1   28.9   29.1   29.0   28.7
7   29.3   29.2   29.3   29.2   28.9   28.9
8   27.5   27.8   27.6   27.8   27.1   27.6
9 132.7 132.9 132.8 133.0 128.1 127.8
10 127.8 128.0 127.8 127.9 130.2 130.9
11 125.8 125.9 125.9 126.0   29.5   29.5
12 135.6 136.1 134.9 135.3 128.1 128.1
13   72.9   73.0   72.6   72.3 130.2 128.1
14   37.2   37.5   35.2   35.4   29.2   29.5
15   25.0   25.0 123.7 124.0   27.6 131.9
16   31.7   31.9 135.2 135.3   31.5 128.6
17   22.5   22.8   20.6   20.9   22.5   20.5
18   14.0   14.0   14.2   14.4   14.0   14.2
OMe     -   51.6     -   51.6     -     -
Table 3
IC50 valuesa  of compounds 1-6 on the NO production and NF-毷B activation(毺M).
Compounds NF-毷B NO production
(S)-coriolic acid (1) 30.60 依 3.66 34.10 依 5.42
(S)-coriolic acid methyl ester (2)   5.22 依 1.63   5.73 依 1.96
(S)-15,16-didehydrocoriolic acid (3) 41.20 依 4.20 47.60 依 5.75
(S)-15,16-didehydrocoriolic acid methyl ester (4) 10.60 依 1.74 12.40 依 2.55
Linoleamide (5) 25.10 依 3.20 24.00 依 4.81
Linolenamide (6) 42.30 依 5.35 36.40 依 6.28
Resveratrolb 12.50 依 1.93 10.90 依 1.51
Data are means 依 SD from three distinguished experiments, b: positive control.
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4. Discussion
  Fatty acids are known as self-defensive agents in organism 
and possess various biological activities including anti-
inflammation[19-25]. Compounds 1-6 are metabolites of 
linoleic acid or linolenic acid which are essential fatty 
acids necessary for human health. It is known that NF-毷B 
activation involves in the inflammation development and 
the inhibition of this transcriptional factor is considered as a 
therapeutic target for inflammation treatment[12]. The present 
study showed that the fatty acid derivatives isolated from C. 
odorata are natural inhibitors of NF-毷B and NO production. 
Although C. odorata has been widely used in traditional 
medicine and a number of studies on the chemical and 
biological activity have been reported, however this is the 
first study on the NF-毷B activity of this plant. Previous 
report showed that the aqueous extract of C. odorata 
significantly reduced the carrageenan-induced oedema, 
cotton pellet granuloma and formalin-induced oedema in rat 
models[26]. This anti-inflammatory effect might be related to 
the inhibition of NF-毷B and NO production of the fatty acid 
components in C. odorata. The result of this study could 
explain the efficiency in medicinal usage of this plant for the 
anti-inflammation purpose. 
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